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^PURPOSE: ' To-obtain higher. resolution with -a thin resist layer by mounting a 
^ special stop which has higher transmissivity at the center pare than at the 
j;^^. peripheral part instead of a uniform stop which determines the. size of a secon- 
rir: dary light source. 

rc'oNSTITUTION: When resist is thin, light from the center part of the secondary . 
" / light source is not used so as to improve the resolution and only light from 
1 ' the peripheral pan of the secondary light source is used for exposure. Conse- 

quentiy, the special stop is, for example, a stop having a annular passing area. 
• in another way, a stop having a distribution of transmissivity is used instead 

thereof. Its transmissivity is so distributed that the transmissivity is higher 

toward the periphery and lowest or zero at the center. This special stop is 

only mounted instead of the aperture stop of the exit of an optical integrator. 
'* When a thin 'resist layer is used, the resolution is higher and higher as a pattern 

in use is thinner and thinner toward the outside of the secondary light source. 

For the purpose, only the 'light from the peripheral part of the secondary light 

source is used to obtain higher resolution. 
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SPECIFICATION 



Title of the Invention 

Projection Exposure Apparatus 

Claims 

(1) A projection exposure apparatus for projecting patterns on a reticle onto a wafer 
through a projection optical system, wherein said projection exposure apparatus is 
characterized by having a special stop whereby the intensity gradient in the exit pupil 
of a secondary light source which illuminates said reticle is such that the intensity in 
the peripheral areas is greater than the intensity in the central area. 

(2) A projection exposure apparatus as defined in Claim 1, characterized by the fact that 
the special stop can be inserted immediately after the secondary light source, and has 
an aperture shape and transmittance gradient such that the light intensity in the 
peripheral areas is greater than the light intensity in the central area. 

(3) A projection exposure apparatus for projecting patterns on a reticle onto a wafer 
through a projection optical system, wherein said projection exposure apparatus is 
characterized' the fact that a special sto p whereby the intensity gradient in the exit 
pupil of a secondary light source which illuminates said reticle is such that the 
intensity in the peripheral areas is greater than the intensity in the central area is 
interchangeabl e with a homogeneous stop that does not affect the intensity gradient in 
the exit pupil of the secondary light source. 

(4) A projection exposure apparatus as defined in Claim 3, characterized by the fact that 
the special stop and the homogeneous stop can be inserted immediately after the 
secondary light source. 

(5) A projection exposure apparatus as defined in Claim 4, characterized by the fact that 
the secondary light source has at its fi-ont surface a conical len s that is capable of 
causing the light intensity gradient of the bundle entering a homogeneous optical 
system which forms the secondary light source to approximate the aperture shape and 
transminance gradient of the stop which is inserted immediately after the secondary 
light source. 
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Detailed Description of the Invention 

Field of Industrial Utilization 

The present invention relates to a projection exposure apparatus for forming the fine 
resist patterns required for manufacturing semiconductor integrated circuits and the like. 

Prior Art 

A conventional projection exposure apparatus is depicted in Fig. 5. In Fig. 5, 1 
indicates a lamp, 2 indicates an elliptical reflecting mirror, 3 indicates the second focal point 
of the elliptical reflecting mirror 2, 4 indicates an input lens, 5 indicates an optical integrator, 
6 indicates an output lens, 7 indicates a coUimation lens, 8 indicates a reticle, 9 indicates a 
homogeneous aperture stop, 10 indicates a filter, 1 1 and 12 indicate cold mirrors, 13 indicates 
a lamp house, 14 indicates an optical system for projecting images of pattems on the reticle 8 
onto a wafer using lenses, mirrors, or some combination thereof, 15 indicates a wafer, and 16 
indicates an aperture stop. 

Mercury lamps are used as the light source lamp 1 in many projection exposure 
apparatus of this type in order to produce the g line (436 nm), the h line (405 nm), the i line 
(365 nm), or other line, or some continuous spectrum close to these wavelengths. It is 
therefore necessary for the light source lamp 1 to have high luminance, and it is preferable for 
[the lamp] to be positioned close to the point source to achieve efBcient condensation and 
uniform illumination. However, this ideal light source does not actually exist, so the use of a 
lamp 1 of finite size possessing an intensity gradient is unavoidable. This raises the issue of 
how to efficiently convert the light emitted by such a lamp 1 into ligiit which gives uniform 
illumination. 

The design of the apparatus depicted in Fig. 5 employs a typical conventional 
condensation method. The lamp 1 is disposed at the first focal point of the elliptical 
reflecting mirror 2, and the bundle is initially focused near the second focal point 3 of the 
elliptical reflecting mirror 2. The rays are collimated to form a parallel bundle by an input 
lens 4 whose focal point location is essentially the same as that of the second focal point 3, 
whereupon they enter the optical integrator 5, The optical integrator 5 comprises a bundle of 
numerous rod-shaped lenses, and is sometimes termed a "fly-eye lens". The principal object 
of passing [light] through the optical integrator 5 is to increase the uniformity of illumination; 
the input lens 4 has the function of minimizing eclipse of the light rays which pass through 
the optical integrator 5, raising condensation efficiency. The light exiting the optical 
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integrator 5 is condensed by the output lens 6 and the collimation lens 7 in such a wa%- tha: 
the light bundle exiting the small lenses of the optical integrator 5 hits the reticle S in 
superposed fashion. The light rays entering the optical integrator 5 have a spatial intensirv- 
gradient, but the hght [rays] exiting the small lenses of the optical integrator 5 can be 
essentially equally superposed, producing essentially uniform intensity of illumination on the 
reticle 8. Of course, if the intensity of the light entering the optical integrator 5 is 
approximately uniform, illumination by the exiting light [rays] superposed on the reticle is 
more uniform as well. An aperture stop 9 is disposed at the exit side of the optical integrator 
5 to limit the dimensions of the exit side of the optical integrator 5. 

When a mercury lamp is used as the lamp 1 and an elliptical reflecting mirror 2 is 
employed to condense [its light], it is not possible to obtain light rays directed in the axial 
direction of the lamp, since the mercury lamp has an elongated shape with electrodes 
disposed at both ends, as shown in Fig. 2. Simply using a convex lens as the input lens 4, as 
shown in Fig. 5, does not necessary prevent an unwanted light intensity gradient in the central 
area of the optical integrator 5. In some cases, a double-convex lens or half-convex, half- 
concave conicaJ^^ is insened between the input lens 4 and the optical integrator 5 to render 
the intensit y distribut ion of the light entering the optical integrator 5 more uniform. 

The filter 10 ensures that only light of aberration-corrected wavelengths passes 
through the optical system. The cold mirrors 1 1 and 12 bend the optical path, allowing the 
height of the apparatus to be reduced; they also transmit long- wavelength light and heat rays 
so that these are absorbed by the coolable. portions of the lamp house 13. The light 
illuminating the reticle 8 passes through the projection optical system 14 and projects the 
image of a fine pattern on the reticle onto the resist on the wafer to expose it. A stop 16 
which determines the numerical aperture is located within the projection optical system 14. 

There are numerous other designs for conventional projection exposure apparatus 
besides that depicted in Fig. 5; as depicted schematically in Fig. 6, all of these include, in 
order, a light source 17, a first condensing optical system 18, a homogeneous optical system 
19, a second condensing optical system 20, a reticle 8, a projection optical system 14, and a 
wafer 15. 

The first condensing optical system 18 corresponds to the elliptical reflecting mirror 2 
and the input lens 4 of the example in Fig. 5; besides the elliptical mirror, the system can also 
include spherical mirrors, plane mirrors, lenses, and the like as appropriate so that the light 
bundle emined from the light source is directed into the homogeneous optical system 19 in as 
efficient a maimer as possible. The homogeneous optical system 19 corresponds to the 
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optical mtegrator 5 in Fig. 2; it may also employ optical fibers, polyhedral prisnis, anc the 
like. 

The second condensing optical system 20 corresponds to the output lens 6 and the 
collimation lens 7 in Fig. 5; it superposes the light [rays] exiting the homogeneous optical 
system 19 and ensures image telecentricity. A filter which corresponds to the filter 10 in Fig. 
5 is disposed in a location where the light beam is nearly parallel to the optical axis. 
Reflecting mirrors which correspond to the cold mirrors 1 1 and 12 are inserted iu some 
unspecified location. 

In this type of apparatus, the properties of the light which enters the reticle 8 (looking 
back fi*om the reticle towards the light source) are the properties of light that has passed 
through the second condensing optical system 20 and exited the homogeneous optical system 
19; thus, the homogeneous optical system 19 exit serves as the apparent light source. Thus, 
in this type of design, the homogeneous optical system 19 exit 24 is commonly referred to as 
the "secondary light source". 

When the reticle 8 is projected onto the wafer 5, the various characteristics of 
projected exposure pattern formation, that is, resolution, depth of focus, and other 
characteristics, are determined by the numerical aperture of the projection optical system 14 
and the properties of the Ught which illuminates the reticle 8, that is, by the properties of the 
secondary light source 24. Fig. 7 is an illustrative diagram showing the reticle-illimiinating 
light rays and image-forming light rays in the projection exposure apparatus shown in Fig. 6. 

In Fig. 7, an aperture stop 16 is disposed within the projection optical system 14 to 
limit the angle of the light that can pass through the system after passing through the reticle to 
9a, as well as to limit the angle G of the light rays which are projected down onto the wafer 
15. 

The numerical apermre NA of a projection optical system refers to an angle defined as 
NA = sinG. Where 1/m represents the projection magnification, sinGa = sinG/m. This type of 
apparatus is ordinarily "image-telecentric", that is, the principal light rays projected down 
onto the image plane are perpendicular to the image plane. In order to meet this condition of 
"image telecentricity", the real image at the exit pupil of the homogeneous optical system 19 
depicted in Fig. 6 (that is, in the hght source plane of the secondary light source 24) is formed 
at the location of the aperture stop 16, Let the range of light entering the reticle 8 be defmed 
as the angle of spread [of light entering the reticle] when looking back fi-om the reticle 8 
towards the secondary light source plane through the second condensing optical system 20, 
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and the half angle thereof be denoted by 6; let the coherence g of the iiiuminarit hsh: be 
defined as c = sini/sinGa. Under such conditions, the characteristics of paneni formation 
were conventionally thought to be determined by NA and g. The relationships among NA 
and G on the one hand and the characteristics of pattern fonnation on the other will now be 
discussed in detail. A higher NA is associated with higher resolution but also with shallower 
depth of focus. Due to aberration in the projection optical system 14, it is also difficult to 
ensure exposure over a wide area. Since a certain exposure area and depth of focus (for 
example, 10 mm square, ± 1 ^m) are required if [the system] is to be used for actual 
applications such as LSI manufacture, in conventional apparatus there was a limit of about 
NA = 0.35. On the other hand, the a value relates mainly to the sectional profile of the 
pattern and to the depth of focus, and contributes to resolution in a manner interrelated with 
the sectional profile. At low a values, the edges of the pattern are emphasized, and the side 
walls of the sectional profile approach the vertical, producing a sharp panem profile; at the 
same time, however, fine pattern resolution is impaired, and the focal range of resolution 
shrinks. Conversely, at high a values, fine pattern resolution and the focal range of resolution 
are rather good, but the side walls of the sectional profile begin to slope more; where the 
resist is quite thick, the cross-sectional profile becomes trapezoidal or triangular. For these 
reasons, in conventional projection exposure apparatus, the a value was fixed in the range 0.5 
to 0.7 in order to achieve a relatively balanced a value. Conditions such as a = 0.3 have been 
tried only on an experimental basis. Since the size of the light source plane of the secondary 
light source 24 is decided upon when setting the g value, it is general practice to dispose a 
round aperture stop 9 for setting the g value immediately after the light source plane of the 
secondary light source 24. 

Problems Which the Invention Is Inte?ided to Solve 

In conventional apparatus like that described above, only the coherency g value 
controls the properties of the light which illuminates the reticle 8; thus, to produce fine 
patterns while keeping depth of focus, uniforaiity within an area, line width control, and 
various other conditions at satisfactory levels, there was the limitation that these could only 
be manipulated through NA and g. Thus, once the numerical aperture NA of the projection 
optical system 14 and the size of the secondary light source 24 had been decided upon, the 
pattern fomiation characteristics became fixed as a matter of course, making it impossible to 
raise resolution any further. 

The present invention was developed with the foregoing in view, and is intended to 
provide a projection exposure apparatus by which pattern resolution can be fuTiher improved 
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even after the projection optical system numerical apenure and illuminating secondarv licrh: 
source size have been fixed. 

Means Used to Solve the Aforementioned Problems 

In order to achieve this object, the present invention allows the conventional circular 
stop, used to limit the size of the secondary light source in conventional apparatus, to be 
substituted with a special stop having a shape provided with a transmissive area of annular or 
other configuration having greater transmittance in its peripheral areas than its central area. 

Effect of the Invention 

In the present invention, when a thin resist is to be exposed, resolution is improved by 
not using the light coming from the central area of the secondary light source, using only the 
light coming from the peripheral areas of secondary light source for exposure. 

Practical Examples 

Practical examples of stops for controlling the secondary light source , which can be 
used as the special stop in the projection exposure apparatus which pertains to the present 
invention, are illustrated in Figs. 1 through 4. 

The stop illustrated in Fig. 1 has a ring-shaped transmissive area, and is fabricated by 
depositing chrome or other light-blocking material on a substrate of quartz, calcium fluoride, 
lithium fluoride, or other substrate with high transmittance of illuminant light. The stop 
illustrated in Fig. 2(a) has a transmittance gradient. As shown in Fig. 2(b), the transmittance 
gradient is such that qgn smittance is higher closer to the peripheral area s: towards the center, 
the transmittance becomes lower or [the material] blocks light completely. Like the stop 
depicted in Fig. 1, this stop is fabricated by depositing a light-blocking material on a substrate 
while imparting a gradient to its thickness in the radial direction. The cun^e shown in Fi?. 
2(b) may be any cxirve [of a shape reflective of] increasing transmittance closer to the 
perimeter of the circle. The stop illustrated in Fig. 3 is provided wit h several or many sma ll 
openings in the peripheral area only, and may be manufactured be making holes in a metal 
plate or the like. The stop illustrated in Fig. 4 is similar to the stop illustrated in Fig, 1, since 
the product is manufactured simply by boring out a metal plate or the like, connecting 
sections are left between the annular openinss. 
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The design of the present invemion mzy be essentially the same as that of the 
conventional apparatus depicted in Figs. 5 and 6, installing one of the stops depicted in rigs. 
1 through 4 in place of the apenure stop 9. 

When the size of the aperture stop 9 is changed, a smaller aperture, that is, a smaller a 
value, is associated with pattern side walls that more nearly approximate the vertical. On the 
other hand, an investigation of fme panem resolution shows that a higher a value allows even 
fine patterns to be projected with adjacent paaems remaining distinct. These two [opposing] 
tendencies, i.e., a better sectional profile with a low a value and better fme pattern resolution 
with a high a value, mean that there is some optimal a value which, once the resist type and 
thickness have been decided upon, will give the fmest pattern while still affording a sectional 
profile that falls within a serviceable range. Where the resist layers which are to be exposed 
are rather thin, as in the case when a multilayer resist or the like is to be used, deviation in the 
sectional profile is not particularly great and resolution becomes the principal concern; in 
such cases, the aforementioned optimal a value will tend to be higher. 

Due to the relationship between illuminant light and pattern resolution described 
above, in cases where the resist layer is quite thin, greater fine pattern resolution is possible 
towards the outside of the secondary light source. Thus, even higher resolution can be 
achieved by taking the further step of utilizing only light from the peripheral areas of the |l 
secondary light source in order to produce fine pattern resolution. ' 

The projection exposure apparatus pertaining to the present invention, which uses the 
stops depicted in Figs. 1 through 4, allows exposure to be effected using light from the 
peripheral areas of the secondary light source only, without using light from the central area 
of the secondary light source. Thus, where a thin resist [layer is exposed], it is possible to 
produce microcrystalline patterns which cannot be achieved with conventional apparatus. For 
example, using the 365 nm i line, a 1/10 projection magnification, and a 0.35 nimaerical 
aperture for the projection optical system 14 to pattern an OFPR800 resist 0.5 p.m thick, an J 
apparatus with a conventional circular aperture stop set such that a = 0.5 is capable of line /! 
and space resolution to 0.5 ^m line width and 1 ^im pitch; in a practical example using the -I 
projection exposure apparams which penains to the present invention with an annular ; 
aperture stop, it has been demonstrated line and space resolution to 0.4 jim line width and 0.8 
Jim pitch is possible. With an annular aperture stop, resolution is increased to the extent that 
only light rays from the outside area are used, and the effect afforded by the stop will hence 
differ somewhat depending on the external shape and inside diameter of the annular aperture 
stop; in each case, however, the resolution will be higher than that afforded by a simple round 
aperture. The stops depicted in Figs. 2 through 4 produce [this same desired] effect through | 
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. nrh-' shaoes are possible as long as they have 

the transminance gradient impanea .0 tnem. 0th.. Suapes p 

high transmittance at the outside. 

I. Has b=en d=mon.»t=d th= pr=sen. invendon incre.=s . 
. ,he d»4 cf focus, to 4= of the resist pattetn mennoned above, a aeptn o. .ocus 

'ZT^^ 0 5 !.I s obtained b 0.4 .tn litte and space, and one of at leas. ^ - 
:C^ed jas Zune and space. Since the value with convention, systetns . about . 0. 
;lTo 5 .nt L and space, this represent considerable uttprovement. 

The special stop can be pennanently installed in the apparatus but ^^'^^ 
mentioned e^licr, it is advantageous to use [light] closer to the central area =f ^ --^^^ 
V T^rurce when [exposing] a thicker resist, it is preferable to make the special stop 
'^jrgLt^rL conventional round apem.e stop or other homogeneous stop. 

to the context of the apparan. design depicted in Fig. 5, it is also ^^^'^1° ^^^; 
=mcanen! disposed in &on. of the optical integrator 5 detachable so that the gradten, of the 
^;i::eoptical„r5c3nbeswitchedbetw.en^^^^^^^^ 
ernflguration and center^oncentrated configuratton ™ J ^J™^^ ^^.^j 
lens; by using a conventional round stop or °*f°™ ^^^°^; XL,,3r procedures] 

a special stop [for others], stops cagbe used as appropriate for [pamcu p 
louTany loss'L the efEciency of Ugh. ray utiUzatio. M^S^^-^'^- 
interchangeable allows focal length and set position to be modified so th^ the o 
TZT^^Z the optical integrator 5 can be changed, improving the efficency of 
conct "to describe this in tenns of Fig. 5, the present invennon ts made more 
e"l using a special stop by concentrating the Ugh. in a -2^- 

optical system 19. 
Merits of the Invention 

The presen. invention outlined above employs, in place of .he round stop or other 
.entogreo:^ stop used to limit the si.e of the "^^-Jf 1 
devices, a special stop having an annular ,„ev« fine 

produces higher .ansmittance ^^'pS^S^^^^, "pol.= ^vith 
patterns to be formed on thin res.s« layers ^ degree of 

conventional apparams, thereby making possible ^ ^^mfican. unP 
integration possible in the manufacture of semiconductor mtegrated c«u,u an 
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Since the special stop and the conventional homogenous stop are interchangeable in the 
present invention, [the apparatus] may be adapted for use with thick resists as well. 

4. Brief Description of the Figures 

Figs. 1 through 4 are plan views of stops for regulating the secondary^ light source 
which are appropriate for use as the special stop employed in the projection exposure 
apparatus pertaining to the present invention. Fig. 5 is a structural diagram of a typical 
conventional projection exposure apparatus. Fig. 6 is a schematic structural diagram thereof. 
Fig. 7 is an illustrative diagram showing the relationship between hght rays illuminating the 
reticle and imaging light rays. 

l--lamp; 2- elliptical reflecting mirror, 3-second focal point; 4"input lens: 5-optical 
integrator; 6--output lens; 7-collimation lens; 8-reticle: 9, 16-aperture stop: 10-fiher; 1 1, 
12-cold mirrors; 13-lamp house; 14-projection optical system; 15--wafer; IV-light source; 
18"first condensation optical system; 1 9-homogeneous optical system; 20-second 
condensation optical system; 24— secondary light source 



Fig. 1 Fig. 2 Fig. 3 Fig. 4 
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Fig. 5 
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